Production of luteoskyrin, a hepatotoxin synthesized by Penicillium islandicum Sopp., was studied with various fermentation methods. Best results were obtained in static fermentations on glutinous rice at 30°C. The isolated yield of pure luteoskyrin was approximately 400 mg per kg of rice. Also produced were skyrin, islandicin, iridoskyrin, rubroskyrin, chrysophanol, mannitol, and erythritol. A new metabolite, which we call pibasterol, was also isolated.
The common storage mold Penicillium islandicum Sopp. produces a large number of anthraquinonoid pigments as well as nonquinoid compounds (2, 5, 6) . One of its metabolites, luteoskyrin (7, 13) (Fig. 1) , is a carcinogen that has been shown to impair mitochondrial function and to bind with deoxyribonucleic acid at the site of pyrimidine bases in the presence of magnesium ions (11) . Long-term feeding of rice contaminated with P. islndicum Sopp., or with luteoskyrin itself, produces acute liver atrophy, cirrhosis, and hepatoma in mice (12) .
Previous studies on the isolation and detection of luteoskyrin used submerged fermentations of P. islandicum in defined medium (2) , surface fermentations in complex (10) and defined liquid media (9) , or rice grains as substrate (9) . Luteoskyrin was obtained in a complex mixture with other metabolites.
As part of our research on the isolation of toxins synthesized by P. islandicum, we systematically studied the microbial formation and isolation of luteoskyrin. This led to the development of an improved method of producing this mycotoxin and to the isolation of a new, nontoxic metabolite, pibasterol.
MATERIALS AND METHODS
A number of strains of P. islandicum were tested for luteoskyrin production. For sporulation, they were cultured in Blake bottles on Czapek agar enriched with 0.5% yeast extract and 0.5% Casamino Acids (Difco). The spores were washed from the agar surface with 50 ml of 0.01% sodium lauryl sulfate.
Liquid fermentations were carried out in Fernbach flasks (2.8 liters, wide neck) with 300 ml of CzapekDox broth, with and without malt extract at 5 g/liter. After autoclaving, each flask was inoculated with 10 ml of spore suspension and incubated under static conditions or on the rotary shaker at 30°C for 2 weeks.
After fermentation, the mycelia were separated from the broth by filtration, and the cells were successively extracted with petroleum ether (60 80°C) and acetone. Luteoskyrin was obtained from the acetone-soluble fraction after purification (7) .
Grain fermentations (3) were done using oats, white corn, glutinous rice, brown rice, white wheat, red wheat, and soybeans. Each substrate (300 g) was placed into a Fernbach flask, moistened with water (150 ml), autoclaved, and inoculated with 10 ml of spore suspension. The flasks were incubated at 30°C on a rotary shaker at 200 rpm, except in the case of glutinous rice, which was incubated without shaking.
Our preferred method for isolating luteoskyrin is as follows. The fermented grains from one flask were extracted with acetone (3 x 1 liter); the extract was concentrated under reduced pressure, and the concentrate was triturated with petroleum ether (3 x 200 ml). The fraction insoluble in petroleum ether was treated with fresh acetone (500 ml) and filtered. The solution was concentrated to 100 ml and filtered through a column of charcoal (150 g, Darco, 4 to 12 mesh). The column was eluted with more acetone, and the resulting solution was concentrated to give 1 (14) , and soybeans (P. Mislivec', personal communication). The toxin itself, however, has completely not yet been detected as a contaminant in any in in crude of these foodstuffs. raphy, the In addition to luteoskyrin, we found the folirtually the lowing known metabolites to be produced on mately, lu-glutinous rice: skyrin, islandicin, iridoskyrin, 
